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Abstract

The reaction pp — p(nm" 7~ ) p, has been studied at 450 GeV /c. There is clear evidence for an a,(1320)7 decay
mode of the 1,(1645) and 71,(1870). In addition, there is evidence for an a,(980)7 decay mode of both resonances and an
f,(1270)n decay mode of the 1,(1870). No evidence is found for a JP¢=2*"a,(1320)7 wave. © 2000 Published by
Elsevier Science B.V. All rights reserved.

In an analysis of the 7" 7~ 7" 7~ final state the mass spectrum [1]. A spin analysis showed that the
WA102 collaboration observed three peaks in the peak at 1.28 GeV was due to the f,(1285), the peak
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a 1.45 GeV could be interpreted as being due to
interference between the f,(1370) and f,(1500) and
the peak at 1.9 GeV, called the f,(1950), was found
to have 1€JP€=0%2*" and decay to f,(1270)7w =
and a,(1320)7 [1]. However, it was not possible to
determine whether the f,(1950) was one resonance
with two decay modes, or two resonances, or if one
of the decay modes was spurious.

One of the major problems of studying the
ata ot w~ final state is the number of possible
isobar decay modes that are present. Therefore in
this paper, in order to study the a,(1320)7 final
state, an analysis is presented of the n7* 7~ chan-
nel. In addition, the spin analysisof the v* 7w~ 7wt 7~
channel showed evidence in the JPC¢=2""
a,(1320)r wave for the m,(1645) and 7,(1870).
There has been previous evidence [2] that the
1,(1645) and 7,(1870) may decay to a,(980)7 and
f,(1270)n. These two decay modes will be searched
for in the present analysis.

The data come from the WA 102 experiment which
has been performed using the CERN Omega Spec-
trometer, the layout of which is described in Ref. [3].
The selection of the reaction

PP = (7w ) ps (1)

where the subscripts f and s indicate the fastest and
slowest particles in the laboratory respectively, has
been described in Ref. [4]. The n has been observed
decaying to yy and 7" 7 7 °. Fig. 1la and 1b show
the nm* 7~ mass spectra for the decays n — yy
and n— 7t 7 7% respectively. The mass spectra
are dominated by the ' and ,(1285).
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Fig. 2. The n=" 7~ mass spectrum for the decay n — yy. @ The
JPC=1%%3a,(980)7 wave, b) the JPC=2""a,(1320)7 wave,

© the JPC =2""3a,(980)7 wave and d) the JPC =
21 £,(1270)7 wave.

In this current paper a spin-parity analysis of the
na @~ channel is presented for the mass interval
1.0 to 2.0 GeV using an isobar model [5]. Assuming
that only angular momenta up to 2 contribute, the
intermediate states considered are a,(980)w, om,
f,(980)7, a,(1320)7, and f,(1270)n. o stands for
the low mass 77 S-wave amplitude squared [6]. The
amplitudes have been calculated in the spin-orhit
(LS) scheme using spherica harmonics. In order to
perform a spin parity analysis the Log Likelihood
function, Z = ¥;logP,(i), is defined by combining
the probabilities of all events in 40 MeV na* 7~
mass bins from 1.0 to 2.0 GeV. The incoherent sum
of various event fractions a; is calculated so as to
include more than one wave in the fit, using the
form:

_<Z=iZIog(JZaij(i)+(1—JZaj)) (2)
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Fig. 3. The nw* 7~ mass spectrum for the decay n —> 77~ 7%
a The JPC=1%"a,(980)7 wave, b) the J°C =2""a,(1320)7
wave, © the JP¢=2""a,(980)r wave and d) the JPC=
271 £,(1270)7 wave.

where the term (1 — X, &) represents the phase space
background. This background term is used to ac-
count for the background below the n (which is 10
% for the yy decay mode and 15 % for the 7" 7~ 7 ©
decay mode), n* 7~ three body decays and decay
modes not parameterised in the fit. The negative Log
Likelihood function (—%) is then minimised using
MINUIT [7]. Different combinations of waves and
isobars have been tried and insignificant contribu-
tions have been removed from the final fit.

The spin analysis has been performed indepen-
dently for the two n decay modes. As was shown in
the previous analysis [4], for both decay modes and
for M(nm* 7w ) < 1.5 GeV the only wave required
in the fit is the J7¢ = 1*"a,(980)7 wave with spin
projection |J,|=1. No J?¢=0""a,(980)7 or any
omn waves are required in the fit. Fig. 2aand Fig. 3a
show the JPC=1%"a,(980)7 wave where the
f,(1285) and a shoulder at 1.4 GeV can be seen.
Superimposed on the waves is the result of the fit
used in Ref. [4] which uses a K matrix formalism

including poles to describe the interference between
the f,(1285) and the f,(1420). As can be seen from
Fig. 2a and Fig. 3a the parameterisation describes
well the JP¢ =1"*a,(980)7 wave.

For M(n7* 7~ ) > 1.5 GeV only waves with JP¢
=2"" and |J,| =1 are required in the fit. In con-
trast to what was found in the analysis of the
ata~ wt 7~ fina state [1] there is no evidence for
any JP¢ =2%"a,(1320)7 wave. The largest change
in Log Likelihood comes from the addition of the
JPC=2""a,(13200r wave with |J,|=1 which
yields a Likelihood difference A.#= 562 and 203
for the n— yy and n— 7" 7 7 ° decays respec-
tively and are shown in Fig. 2b and Fig. 3b.

As was observed in the case of the 7" 7~ 7' 7~
channel [1], the JP¢ =2""a,(1320)m wave is con-
sistent with being due to two resonances, the
1,(1645) and the 1,(1870). Superimposed on Fig. 2b
and Fig. 3b is the result of a fit using a single
channel K matrix formalism [9] with two resonances
to describe the 7,(1645) and 7,(1870). The masses
and widths determined for each resonance and each
n decay mode are given in Table 1. The parameters
found are consistent for the two decay modes and
with the PDG [8] values for these resonances. An
aternative fit has been performed using two interfer-
ing Breit-Wigners. The parameters presented include
not only the statistical error but also the systematic
error, added in quadrature, representing the differ-
ence in the two fits.

The addition of the JP¢=2""a,(980)r wave
with | J,| = 1yieldsaLikelihood difference A.# = 66
and 23 for the two n decay modes respectively and
the waves are shown in Fig. 2c and Fig. 3c. Super-
imposed is the result of a fit using the parameters for

Table 1
Parameters of the 1,(1645) and 7,(1870)
Resonance Fina state Mass(MeV)  Width (MeV)
1,(1645) nw 1605 + 12 188 + 22
n—vyy
1,(1645) nww 1619 + 11 179 + 28
noata a0
1,(1870) nrT 1841 + 18 249 + 30
n—vyy
1,(1870) nmTw 1831 + 16 219 + 33

noata a°
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the 7,(1645) and the 7),(1870) determined from the
fit to the a,(1320)7 fina state. A good description
of the data is found. The branching ratio of the
1,(1645) and 7,(1870) to a,(1320)7/a,(980)7 in
the nmw fina state can be determined. Neglecting
unseen decay modes the branching ratio of 7,(1645)
to a,(1320)7/a,(980)m =23+ 0.4 and 2.1 + 05
for the decays n —> yy and n—> 77 7 ° respec-
tively. The branching ratio of 7,(1870) to
a,(1320)7/a,(980)7r = 5.0+ 1.6 and 6.0 + 1.9 re-
spectively.

Correcting for the unseen a,(1320) decay modes
using the PDG [8] branching ratio and using the
branching ratio for the a,(980) to n determined by
this experiment [4] of 0.86 + 0.10 and taking the
average of the two n decay modes the branching
ratio to a,(1320)w/a,(980)7 for the 1,(1645) is
13.0 + 2.7 and for the 1,(1870) is 32.6 + 12.6.

The addition of the JP¢=2"*f,(1270)n wave
with | J,| = 1yieldsaLikelihood difference A.¥ = 42
and 12 and the waves are shown in Fig. 2d and Fig.
3d. The f,(1270)n wave shows little evidence for
the 7,(1645). Superimposed is the result of a fit
using the parameters for the 7,(1870) determined
from the fit to the a,(1320)7 final state. A satisfac-
tory description of the data is found. Correcting for
the unseen a,(1320) and f,(1270) decay modes the
branching ratio of the 7,(1870) to a,(1320)w/
f,(1270)n has been determined to be 19.24+ 7.2
and 26.7 + 16.4 for the two n decay modes. The
addition of the JP¢ =2""f,(980)n or J?¢=2""0oq
waves produces no significant change in the Likeli-
hood and hence they have been excluded from the
fit. The resulting background term is found to
be smooth and structureless and corresponds to =
40 % of the channdl.

In previous analyses it has been observed that
when the centrally produced system has been anal-
ysed as a function of the parameter dP;, which isthe

Table 2
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Fig. 4. The azimuthal angle (¢) between the two outgoing protons
for @ the 7,(1645) and d) the 7,(1870). The four momentum
transfer squared ([t)) from one of the proton vertices for c) the
1,(1645) and d) the 7,(1870) with fits described in the text.

difference in the transverse momentum vectors of the
two exchange particles [3,10], all the undisputed qg
states (i.e. m, 7', f,(1285) etc.) are suppressed as
dP; goes to zero, whereas the glueball candidates
f,(1500), f,(1710) and f,(1950) are prominent [11].
In order to calculate the contribution of each reso-
nance as a function of dP;, the waves have been
fitted in three dP; intervals with the parameters of
the resonances fixed to those obtained from the fits
to the total data. Table 2 gives the percentage of each

Production of the resonances as a function of dP; expressed as a percentage of their total contribution and the ratio (R) of events produced

at dP; < 0.2 GeV to the events produced at dP; > 0.5 GeV

dP; < 0.2 GeV 0.2 < dP; <05 GeV dP; > 0.5 GeV R= EE02ey
1,(1645) 89 + 11 322+ 30 589 + 5.2 0.15 + 0.02
,(1870) 82+ 10 286 + 238 632 + 5.6 0.13 + 0.02
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Table 3
The dope parameters from afit to the |t| distributions of the form

9= ge b1t + Bte~ P2,

@ b, B b,
(Gev~2) (Gev~2)
1n,(1645) 04+01 64+20 26409 7.3+13
1,(18700  03+01 59435 43415 83+20

resonance in three dP; intervals together with the
ratio of the number of events for dP; < 0.2 GeV to
the number of events for dP; > 0.5 GeV for each
resonance considered. These distributions are similar
to what have been observed for other qf states [11].

In addition, an interesting effect has been ob-
served in the azimuthal angle ¢ which is defined as
the angle between the p; vectors of the two outgo-
ing protons. For the resonances studied to date which
are compatible with being produced by DPE, the
data[12]. are consistent with the Pomeron transform-
ing like a non-conserved vector current [13]. In order
to determine the ¢ dependence for the resonances
observed, a spin analysis has been performed in the
nat @~ channd in four different ¢ intervals each
of 45 degrees. The results are shown in Fig. 4aand b
for the ,(1645) and 7,(1870) respectively.

In order to determine the four momentum transfer
dependence (|t]) of the resonances observed in the
nmt 7~ channel the waves have been fitted in 0.1
GeV? bins of |t| with the parameters of the reso-
nances fixed to those obtained from the fits to the
total data. Fig. 4c and d show the four momentum
transfer from one of the proton vertices for the
1,(1645) and 7,(1870) respectively. The distribu-
tions cannot be fitted with a single exponential.
Instead they have been fitted to the form
% = ae Pt + Bte P2t
The parameters resulting from the fit are given in
Table 3.

After correcting for geometrical acceptances, de-
tector efficiencies, losses due to cuts, and unseen
decay modes of the a,(1320), the cross-section for
the 1,(1645) and 7,(1870) decaying to a,(1320)7
at Vs =29.1 GeV inthe x; interval |x.|< 0.2 has

been determined to be o (7,(1645)) = 1664 + 149
nb, and o (1,(1870)) = 1845 + 183 nb.

A Monte Carlo simulation has been performed for
the production of a J°¢=2"" state with spin pro-
jection |J,| =1 via the exchange of two non-con-
served vector currents using the model of Close and
Schuler [13] discussed in Ref. [12]. The prediction of
this model is found to be in qualitative agreement
with the observed ¢, dP; and t distributions of the
1,(1645) and 7,(1870). This will be presented in a
later publication.

In summary, there is evidence for an a,(1320)7
decay mode of the 7,(1645) and 7,(1870) in the
nat @~ fina state. In addition, there is evidence for
an a,(980)7 decay mode of both resonances and
possibly a f,(1270)n decay mode of the 7,(1870).
There is no evidence for any J°¢=2""a,(1320)7
wave, in particular no evidence for the decay
f,(1950) — a,(1320)7.
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